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1 Introduction

PDCCH related issues in carrier aggregation have been discussed for a long time, and some of them have been achieved a unified view, some are still being investigated. In this proposal, we will give analyze for the following issues: whether option 1b should be introduced to release10, scheme to indicate carrier in option 1b, and necessity for PDCCH active component carrier set.                                                                                                                                                            
2 PDCCH Structure design
After lots of discussions in RAN1, two PDCCH options are achieved in RAN1#57[1-3]:
Option 1a: One PDCCH indicates an allocation on the same CC

Option 1b: One PDCCH indicates an allocation on the same or a different CC
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Figure 1 Two PDCCH design schemes

Related PDCCH design, principal of compatibility, reliability, and flexibility is proposed to be considered, And based on which one comparison between the two options are given in the following:
1) Advantage of 1b to 1a
a) Reliability of PDCCH can be improved in heavy interference scenarios, such as home eNB and Relay, where the interference on some CCs may be serious, PDCCH transferring just on some selected reliable CCs will do help to improve the reliability of PDCCH..
b) More flexible aggregation type can be supported, without no restrict to the number of CC in UL and DL. For example, more number of UL than DL carriers are allocated to one UE, where option 1b can be applied with more simplicity.
c) More carrier type can be supported. For example, the resource assignment for extension carrier can be supported with option 1b, by which higher resource efficiency can be achieved if the control region is deleted on this carrier.
2) Disadvantage of 1b to 1a
a) Some extra standardization is needed, such as an explicit or implicit scheme is needed to indicate PDCCH and its corresponding CC, for which several bits can be reserved to indicate the PDCCH and corresponding CC explicitly, or multiple UE-ID are applied to indicate the relation implicitly[5].
b) Block probability may be increased if the search space is maintained same with Rel-8. 
From above comparison, more reliability and flexibility can be found, which is very useful in some typical scenario. So we propose that option 1b should be introduced for release10. Considering the compatibility to Rel-8 terminal and flexibility for Rel-10 terminal, option 1a should be remained. It will be beneficial that option1a and option 1b co-exist in release10 network, while option 1b is applied only for release10 terminal but option 1a is applied for both release8 and release10 terminal.
Come to the block probability, it should be given more attention and deserves more investigation. For the method to indicate the carrier, it will be discussed in the following.
3 Scheme to indicate the carrier in option 1b
In option 1b, the method is needed to indicate PDCCH and corresponding carrier, which is shown in the following figure. 
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Two methods can be applied to indicate the carrier: Adding 3 bits indicator in new DCI or assigning multiple C-RNTI to one terminal.

Additional 3 bits indicator in new DCI format: Each carrier will be given a number, and 3 bits are added to the new DCI format to explicitly indicate the relationship between PDCCH and scheduled carrier. 
To add 3bits indicator in new DCI format is a simple method, and no much new design requirement is introduced.
If 3 bits are added to new DCI format, two issues need to be considered: one is more overhead will be introduced for the additional 3bits compared with the existed DCI format that only support scheduling same CC in release 8; another is whether the blind detection attempt per carrier will be increased, which depends on the different size of new DCI than the existed DCI format and whether the network can recognize the network release, such as release 10 or release 8. .
Multiple C-RNTI allocated to one terminal: Terminal can be allocated multiple C-RNTI if needed, and each C-RNTI is corresponding to one carrier [4]. The PDCCH for one carrier will be scrambled according to the relationship between the carrier and C-RNTI, by which the indication between PDCCH and carrier is solved. The C-RNTI allocation can be combined with UE DL Component Carrier Set[5]. 

By the method to allocate multiple C-RNTI to one terminal, no additional bit is introduced, by which the overhead can be remained same with Rel-8.
However, more C-RNTI will be allocated in a cell, which will decrease the reliability of CRC. And also it will introduce new mechanism to allocate and reclaim C-RNTI.
Based on above analyze, adding additional 3 bits to new DCI and multiple C-RNTI for one terminal are both proposed to be the candidate schemes, and final decision is proposed to be given based on more detailed investigation are given.
4 PDCCH active component carrier set
PDCCH active component carrier set, monitored by UE for PDCCH, will depend on the PDCCH design. If only option 1a is applied, PDCCH active component carrier set is same with UE DL Component Carrier Set, there is no need to define PDCCH active component carrier set.
If option1b is applied, PDCCH active component carrier is proposed to be applied, which will be helpful to reduce the attempts of blind detection.
5 Conclusions
Based on the above analyze, the followings proposals are given:
1) In PDCCH design, option 1b is proposed to be introduced, and both option1a and option1b should co-exist in Rel-10 network.
2) Related indicator between PDCCH and carrier, additional 3 bits and multiple C-RNTI are both proposed to be maintained before more investigation;
3) PDCCH active component carrier set is proposed to be applied to reduce the attempt of blind decoding.
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